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A]Ei^ ^a^g. o^fl ^>5l-i-§: ^^^«17> ^ 

TT 31 1 #31; 7l^ 7fl2flAlE^ Afolo] ^Bfl^ ^EH^# # *Rr 31 2 

#31 ; A oM °ll^^>| 7i^h £t£o\] cf^^ si« ^#*Rr 31 3 #31; # 

7l 3l^l*>31 7l^r ^^51 s.= Si# 3l7i*}#^ #7l aEjjigjfi] u}^ 

^ 5L.5. Si^l 3l7]^ 4 #31; #71 7]& ^#ofl Ti SE^ Co* =g^Kn 1 

^s]^^ #7l vflsl Si 3*#<Hl ^e]-^- ^elAfoi^ .aim ^el 

4°lHf ^^sfJl M-^*l Ti IE^r Col- 31 71^ 5 #31 ; #71 -s«]*-t- ^l-f 
#7l 7]& ^#^1 SHilM^KTiN a^r TiAIN)-i- 31 6 #31; #7l 7]& ^#3} 

TiN S^r TiAIN-i: ^^^1 3l7l§>#A-] 3§#^-S]-^ ^ 7 #31; #7l ##ojl ^^0} 

— #el-il- *1# ^*Kr 31 8 #31; #71 w>s 33 ^e)3HJ= ^e^l 

sflAlEll- ^^*>7l I^Rr 31 9 #31 ; #7l y]& ##ofl Ru *i^8r 

31 10 #31; #71 ^SlTlHE ^e|i #JjL<q Ru ^^.o. ^7^}.^ 11 c^; #7] 

Ru 3i^-8r NH 3 -#s1-^> ^ el is}±± x\] 12 #31 ; <?!°]<>H N 2 0-l-e1-^> ^ el 31 13 
#31 ; #71 7l# ^ofi BST -fi-^ yv^-^r ^W^r 31 14 #31; #7l BST -fr^^fl Sj- 
^ £33" ^>7l I^Sl *Rr 31 15 #31 J #71 71^; ##^1 

#^-^-8- #3-*Hr 31 16 #31; #7l ?H3iAiEi #^^17171 ifl*M ^ 

Hl^ 17 #311- iW<^ °l^f-<3 
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{Method of manufacturing a capacitor in a 

semiconductor device} 



l: 7l^r 6: 2K> ^1^" 

2;. ^Jr^S 7: _^^] 7lH S - 

3: 8: Ru ^B^^ 

4: 4^ £5- Si 9: BST -fh?l^ 

5 ^^r%- 10: Ru 

£ *KE*11 ^12: ^-2.5., 1Gbit <>1^ 

3 ^ DRAM i*}^ «X|e1 ^ ^ofl^ Ru/BST/Ru 7fl3flAlE^ ^1 
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3«H ^^(Ru)* ^7}^^ SL3. ^ ±^2) ^^-8: **fl ^ 

3i*fl DRAAH ^-g-S]^- -B-^^l Si0 2 /Si3N 4 /Si02 ^f^^H Ta 2 0 5 SE^r BST 

S ^MH4. W 1Gbit °1^HH ^-g-^fe l-^H^ BST7> 7}^ 

-a-^tb -B-^i^l ^^.S. <£b^ 5Utf. p]^ v]t.\o± ^ ^ 

*)1 i*H ^-§"€ sfl^^o] £]ol ol 7)^ofl ^7l^^^ ^^sfjL & 

4. «7fl BST# ^4-^1 -2. ^-(concave) ^ Ru/BST/Ru ^fl ^ ^1 ^ 

SJ- ^(stack)^ Pt/BST/Pt ^aIb^V 7}-# ^^-^S-S 
^f-g-E]^ Pt^ ^4"^ BST^ Pfl-f o]-^*V 7^1^ ^ 3. 

5)^ ^JZf 4^uJ) ^o] Pt <Hl ul^fl ^ #7% 3, BST# trfl BST^l 

# n fl ^ "fl^l S^l °fl-f ^€7># ^-H-sr}jI ^ S^M^aV^ 

*^sHS ^_Mi€*} tflA]^] Ru o 2 #s)-^M- ^^o) oxo]*] SL*]B\ BST ^-^^r *\ 

Ru^ ^-fofl^r Ru0 2 ^ ^^^^ 3^7]^^ JlS ^^}7] 3) 

n*)^ ^ ^ £r5i(25o~-27orH^ ^^Rr^i, ^15. n ^ 



22-6 



1020000062025 2001/6/1 

*f|tflS <&7-^7\ nfl^- oi*B concave)^ Ru/BST/Ru 7flsfl 

^fs.^ «-fl7H>H -g-^rl^CRTP)* *l^Hr 3H7> *Pf<>H, BST/Ru 
^ ^1^^* 7fl^l^]-7l R U «}^7l ^£ ^ 



<ii> tcj-eH ^ Ru/BST/Ru ^sflAlElsl «oM^>7l $J*H ^^(Ru)^- 

<i2> ^ M}-^ -B-^^^u> oj-qef- ^ ir^fr-# ^ BST/Ru 

5]^ 71^; 7)&3\- 7]\$\X\Z\9)-°) ^<g|- ^ ^1"* f^H, ^Sfl"^ ^ A 
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<14> # 7 ] a}o)o) ^^Hfl^}^- ^Hjj#^ ^*Kr A 2 ^Tfl; 

<15> Aj-y] ^.^^ 7l^r ^^ofl Si# f^Rr ^ 3 ^1; #7l ^. 

S. Si^ *)l7lSKr ^1 4 ^711; 

<ie> # 7 ] 7)& ^^ofl Ti Slfe Co# ^^}Ji 1*]el3H ^"71 ^Uj* cf^^ = Si 
-g^ofl ^e)A>o]^ 3fS ^e)A>ol = l- ^^^37 14^^ Ti Co# 

Tjsffe- *)1 5 #7fl ; 

<17> # 7 ] ^-Eij^^- nfl-f ^ # 7 J 7}& ^^M^CTiN SE^ TiAIN)^ ^^Rr 
6 ^ ; 

<is> # 7 1 7}& ^^51 TiN £Efe TiAIN-8- 3^*1 >fl7l*>^>H ^sH^Rr A 7 ^) ; 

<i9> # 7 i 7] j& £ i£ 4| ^ elffl #^-tt 4.8^31 .; .......... ... 

<20> #71 V}3. ^9]}°]^ ^ej-iafl SUBflAlBll- <S^*>7l ^ *§#<5Rr 

^ 9 #711 ; 

<21> #7] 71 Ru ^^-o. -5}-^ 7)] 10 tjTfl ; 

<22> #71 ^SlTflolE #«.o} Ru ^T^Rr A 11 #7)1 ; 

<23> #7l R U *I^-8: NH 3 -#e^l- ^ ^ ^ 12 ^711 ; 

<24> ^ololA-] N 2 0-#^^^}- ^ ^ *>^- all 13 ^ ; 

<25> #71 7m BST -ff^l ^-g- #^Rr *ll 14 ^711 ; 

<26> #71 BST ^^^-*>7l ^<i^^o S <g^e] ^ ^] 15 ^-^1 ; 

<27> #71 71^. ^ofl #^^hS: #^-<*Rr 16 #?fl ; 
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<28> #71 7fl3flAlEi 7} 7] <I*i5^Rr XI 17 #7fl«- 3L^H o] 

<29> #7] XI 3 ^3]^ ^^g; nfl ^-71 cf^^g ss. Si!- S|-«M#^^ 

700 —3000 A ^MIS. ^^ft^f. 
<30> #7l XI 4 ^^r\Ji\2] £.2. Sife <#7] ^JjL^JjLE] 200 ~ 1500 A ^ 

<31> #7] XI 5 ^Xl^l ElEf-^- ^^A>o)^ ^^-E ^^a>o]c^ 100-500 A 5. ^ 

<32> #71 XI 6 #31^ S^V ^1^-^.5.^ TiN SEfe- TiAiN-8: ^>-§-*>^ i^B]^ SE^ 

sHM^^^ 700-3000 A Ir*^^. 
<33> #7] XI 8 #7}]^ ^t]}o}m. #£1-^ USG PSGS ^~g-*V<4 2000- 15000 A ^-^1 

<34> #71 XI 10 ^Xl^l ^ R U ^ iS)El^^o]i| W7l#^^>^ 7} 

fAi *><^ 100-500A^^lS f^^t}. 
<35> #7l XI 12 ^rXl^l NH 3 -#ef^^|- ^a]* ^Hl 100-500W, 

0.5-2.0Torr, NH 3 ^ -fi-^-8r 200-2000sccm, 350-700°C°lH zf4 

<36> XI 13 ^TlHH^ N 2 0-#^^> ^ell- ^1 4^ 100-500W, ^-gr 

0.5-2.0Torr, N 2 0^| -fi-^^r 200-2000sccm, N 2 ^ -frlhBr 200-2000sccm , 350-700°C 

<37> ^-71 XI 14 ^7^1^ BST -fi-^^r ^7}^^o_S. 150-500 A ^ ?ll 3. ^^^4. 



22-9 



1020000062025 2001/6/1 
<38> #7] 15 BST^ -fr^nj-g- ^^Sf5>7l <i± *hfc^ o>s^.o| 

^7l3l# a}-8-*H 500-750°C ^3HH 10-1802: ^i^* ^I^W. 

<3 9> #7} 16^:711^ #Jf ^ R U , Ir, Pt^r ^E^^ S^r sf^-71^-^21-^^- 

A>-g-*H 7l^o.S 150-500 A ^#11 3. ^=14. 

<40> AV 7 ] ^ 17 c^jo} 7 fl3flAlEl ^1 ^2:^- 3^ 7} 7} ifl *fl *V±.9\- iE^f- 

^^-71^11- A>-g-*>^ 400-800 M ^r£^]>l 1-30^- ^-9} l^fH}. 
<4i> o]^, ^ ^^^7ls. ^tf. 

vn-tq-cq 2) 7\Q7\£\ 3) -*h£^ Ru S^ASS] S^Mcf. 

ole.^ -^3-°3. ^*IM*r ^HSUr ^H^^H ^ R U ^. 

#^3?"€ ^^1^171 ojafl N 2 0-#2}^^> S}^ 2 3: Til #5^n|- 

*)sWlVo-Step Plasma Treatment)^- JE^VJI*} ^cf. 
<43> £ 1 ^ dc-^5]E^^ Ru ^-§- ^4i^7l^- 600 M ^£ofl^ -g-^fl^ 

^l^fl: 3-9-^ 600 £r£.afl>M NH 3 -#^p> ^e)*V Tj-fo] S^^^^l- ylm*V 
^^H 1 }. ^ ^7]!- q-Efvfl^- Rms(Root-Mean-Square) NH 3 -&5}-^} 

R U 0>U|^ S^7l^7l£ 7fl 

<44> 3E 2 ^ 350roH^1 N 2 0-#5^-^o|- ^bJ^ 7J Ru 3.13 <q S t£ 7l^7lolji ( £ 3 ^ Ru 
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3.^2] XRD , 5. 4 ^ ^£^7}^ ^ N 2 0-#e}^a]- ^ell- 

^ £ 2 <HH ^ SX^o] f7}5Mn]- ) J£ 3 o\)^\ ol + ol-o] B ST 

« 3^7l^§^ ^^}^1 ^7} Ru02^ o l ^3*1 S*-^*!, 2. 4 

^.f7l^f2!-^^ BST* R U s.x^6\] 2\&o_s, ^s)^ BST-S] ^-fr 
-f^th BST/Ru 31 Ji°lfe 

£5«| y}i^l s]S.7l- H^^H 7l^-(l) ^£#5. # 

s^l-(2)-i- D^al, Mt4 ^^^wl7> -f ^ ^5(-l- (3) ^ 300— 1000 A -2] *rv\}3. 

(1)3). A>ol^ «T]^^- 3^3:4. -£ 6 A 

^4--8r ^l^-^^i 7l# ^^1 «7l^2V«i Si(4)# ^, 

£ 7 4 <H1#1^ ^-i: 3-§-*M tf^afl Sl^r Si* ^ *fl7it!:4. £ 8 ^1- 

-§- ^#-8- ^^fl: ^ £ 10 si- e^*^fl^ ^s}-^ ^^JI 7]# ^ 

^Sj-^^r Sj-^M 7l^9in>^^- SL^f- ^T^th £ ll^ ^ 

2i ^ofl ^^Tflole #e}-^(7)* ^ 7^ ^(concave) ^ 

°H £ 12 Si- ^-o] 7 ]t ^ofl ^H^^- Ru(8)^r ^4^^^°14 3-^7] 
^^.S ^ 51 13 4 £°1 3*«h3 7Ml<gn>^oli4 ofl^ ^-g- -f-*R # iflH?-g- 

^l^tb 7]^: R U # JflTltW. £ 14 4 ^o] NH 3 -#2f^a|- + N 2 0-f2}54t 

^ ^71^^-^ BST* ^o^, =L ^ofl 10 )-§- <§ 
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^<*fl 2 #7fl #5^*} BST-& J^t-M^a^ilS nfl , 

NH 3 -#&1-^1- + N 2 0#el-^} ^e] + BST °.g, BST ^ 
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1] 

#&|^- 7]& y]^ 7\\^X\Kl<*t£>\ ^<£^- 3*fl <0;3^-g-g- #^}JL, ^S\-^ 

^Hd^m ^ H^#^g- ^>g*Rr *\] 1 #31 ; 
#7l 7)^ jH^AlBl A>ol^ ^yfl^^. <^ -a^-i- 2 #31; 

#7l ^^§: ^-f'M 71^- ^ofl £H Sil- ^*Kr ^| 3 #7}]; 

#7l ^^^>J1 7l^r ^#2} £H Si* *fl7l*l-#^ #7l ^S}.g.ifl<£) 

cfl^ H = Si $\ ^Yl- ^lT^Rr ^1 4 #31; 

#7l 71^; ^#*1] Ti IEtt Col- ^Sl^ #71 tfl^ tj.^ 

Si ^^A>o]c ^e^A}o] ^^*>J1 #^*1 Ti SE^r Co* 

*fl7i*Rr 5 #31 ; _ 

AVI -g-^*-8r "fl-f^SH #7l 7]3Qr ##ofl sKJr^lWiN S^r TiAIN)-§- ^g^Rr 
6 #7)]; 

#71 7] # 3}#£l TiN iE^ TiAIN-ir ^*1 >«>|*>^>H ^lJ:5Wb *H 7 #31; 
#7l 7l# ##ofl ^3HM #51-^1- ## ^^Kr 8 #31; 

*il 9 #31 ; 

#71 7l# ^#^i Ru f^S}^ afl io #31; 

#7l ^3HM #^ Ru #^M: ^7l§>^ *H 11 #31; 

#71 Ru ^-i- NH 3 -#5^} ^Bl^ ^1 12 #31 ; 
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^ojo^Ai N 2 o-!-e^p} ^ 3 ^ Xl 13 3: XI ; 
#71 71* ^afl BST -R-*1X1 ^^-i: ^1 14 

#7l BST -B-^^l ^>7l iflSM #^f<l^ O.S. 1*] 3] Xl 15 331 ; 

#?1 7l* ^i^ofl ^Jf^q-g. ^sRr 16 3:711; 

#7l 7fl3)lAlBl ^l^* ^^l7l7l «H ^^S|S>fe- Xl 17 3 311" °1 
^<X^1 ?ASr ^SLS. -5}~ WVi^l ^*}^ ^ti^H X|2: 

2] 

XI l iHl &°H 

#7l XI 3 3:X1^ ^#-8: X14-7} JftSH £S Si# ^7)^n**o_3. 

700 —3000 A ^-^lS. ^s}^ 53 -g; -if-^ aVEXl i^V^l XIXM^ Xl2: y 0 v ^ . 

3] 

XI 1 tg-ofl & oH 

#71 XI 4 3rXl^ ^S-v-fl^ rf^^ £1 Si^r #71 #^-S^-E^| 200-1500 

A3"# XI 71 51 fe- m^SLsL ^ tij-H^l 711X1^1 El XlS#^ . 

4] 

XI 1 ^l 5A°H, 
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#7l ^1 5 &7\)$\ E^E)-^ ^^A>o] ^^"E ^^A>o]c^ 100"500 A ^ *f| S. ^ 



5] 

*fl 1 %H1 

-#7] *ll 6 #7fl<^ ^+ «o v *l ^S^- TiN JE^ TiAiN* ^>-g-^ #e]7l^^-^ 

5^71^^ 700-3000 A^]S, ^-g: wV£3l ^7.} a] 

6] 

*0 1 %H a^H, 

^■71 8 ^ 711 °1H #^^r USG SE^b PSG1- 2000- 15000 A 

^•71 10 ^ Ru^r i^E^ ^o]i4 ^7}^^SLS. 71 

§£.3. §H 100-500 A ^1 S ^-S)^- ^J-g- f^Al €^ «KE*ll ^x>£| 7fli*M£| *|1 
S ^ . 
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[3^8- 8] 

Xl 1 , 

XI 12 ^711^ nh 3 -#2}^d> %o]} $X°]*] ^£)tt 100-500W, 

0.5-2.0Torr, NH3£] -rr^ 200-2000 sc cm , ^r£^ 350-700 °C <M 7 A^r ^ 

9] 

XI 1^1 5fl°H 

XI 13 #3H-H N 2 0-l-e1-^> 100-500W, ^^^r 
0.5-2.0Torr, N20^ -fr^ 200-2000sccm, N2^ -ft-^ 200-2000sccm , ^r£^ 350-700°C 
<$*\ AA ^l^^r f-^ 1 ^ *Rr .^>H^I .4i^4 ?R?lW.?i 2*at J&S - 

10] 

X] 1 ^} 

^7] A] 14 BST -R-^m-# aj-^ltf^fi 150-500 A ^ S. ?A 

-ir ^ a}5LXl ±.x\si\ 7flsflAlEi ^ ^ . 

11] 

XI 1 

^-71 15 ^3HH BST^ -fr^^-ir ^^§}-s|-7l ^| sfl ^ 
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o>e^.o] ^7l*fll- ^}-§-*H 500-750°C ^£ ^$HH 10-1802: ^^^> 



i^tt 12] 

16 ^ ^ Ru, Ir, Ptl- ^*\&\^^ SE^r 5j-«J-7]#-^a|-^ 

o. A|~g-£}a} 7]^o.S. 150-500 A -t-^] 5- #a}-*>^ -^K 1 Sfe «V£*fl i 

13] 

A. 1 ti.^^,.. - 

#71 17 ^31^ 7fl3flAlBl ^S)- A] ^ 7l ^ #±<% £± SE^ # 

^caj. o}e^cq ^^-71^11- A>-g-SH 400-800 -^^H i-30-g- ^e)^ o. 

^8°..§. *Rr W>£^1 4l7>^ 7fl3flA]E^ 
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NH 3 Plasma at 600°C 
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N 2 0 Plasma^at 350°C~for 60s 
N 2 0 Plasma at 350°C for 120s 
N z O Plasma at 350°C for 180s 
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IS. 5] 



15L 6] 



[£ 7] 
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[51 11] 
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[51 13] 
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